There is a need for a lower cost manometry system for assessing anorectal function in 18 primary and secondary care settings. We developed an index finger-based system (termed 19 "digital manometry") and tested it in healthy volunteers, patients with chronic 20 constipation, and fecal incontinence. Anorectal pressures were measured in 16 21 participants with the digital manometry system and a 23-channel high-resolution 22 36
anorectal manometry system. The results were compared using a Bland-Altman analysis 23 at rest as well as during maximum squeeze and simulated defecation maneuvers. 24 Myoelectric activity of the puborectalis muscle was also quantified simultaneously using 25 the digital manometry system. The limits of agreement between the two methods were -26 7.1 ± 25.7 mmHg for anal sphincter resting pressure, 0.4 ± 23.0 mmHg for the anal 27 sphincter pressure change during simulated defecation, -37.6 ± 50.9 mmHg for rectal 28 pressure changes during simulated defecation, and -20.6 ± 172.6 mmHg for anal sphincter 29 pressure during the maximum squeeze maneuver. The change in the puborectalis 30 myoelectric activity was proportional to the anal sphincter pressure increment during a 31 maximum squeeze maneuver (slope = 0.6, R 2 = 0.4). Digital manometry provided a similar 32 evaluation of anorectal pressures and puborectalis myoelectric activity at an order of 33 magnitude less cost than high-resolution manometry, and with a similar level of patient 34 comfort. Digital Manometry provides a simple, inexpensive, point of service means of 35 assessing anorectal function in patients with chronic constipation and fecal incontinence. 39 High-resolution anorectal manometry (HR-ARM) has become the standard method for 40 performing detailed evaluation of anorectal function [1] . HR-ARM provides information for the 41 diagnosis of fecal incontinence (FI) and chronic constipation (CC) which affect up to 18% and 42 19%, respectively, of the adult population in North America [2] [3] [4] . More specifically, HR-ARM 43 allows the identification of chronically constipated patients with dyssynergic defecation and FI 44 patients with sphincter weakness, both of which are most effectively treated with physical 45 therapy and biofeedback training rather than standard medical therapies like anti-diarrheals or 46 laxatives. 47 A HR-ARM probe is comprised of an array of pressure sensors on a 4 mm diameter catheter 48 and has been found to be more sensitive than conventional water perfused ARM (C-ARM) 49 systems [5, 6] . HR-ARM requires a relatively expensive system, an additional visit for the patient, 50 and experienced staff to operate and interpret the results. Hence HR-ARM has become limited 51 to tertiary care medical centers with the result that many patients are deprived of the 52 opportunity to be properly diagnosed and triaged to appropriate therapy [7-9]. 53 We hypothesized that a simpler and less costly system might be able to provide the most 54 salient information provided by HR-ARM at the point of clinical service. Physicians have 55 employed wearable devices to examine patients since Arthur Leared invented the binaural 56 stethoscope in 1851. We wondered whether it might be possible to develop a disposable index 57 finger-based system to assess anorectal function, a system we have termed "digital 58 manometry" (DM) [10] [11] [12] [13] . This would include not only measures of the pressure but also 59 muscle coordination. 60 We tested the primary hypothesis that in three different activities, rest, squeeze, and 61 simulated defecation, DM pressure readings are equivalent to those measured with a HR-ARM 62 in a sample of healthy subjects, CC and FI patients. Using DM only, we also tested the secondary 63 hypothesis that the change in the myoelectric activities of the puborectalis muscle (PR) was 64 proportional to change in AS maximum pressure recorded by the DM device. Finally, we tested 65 the tertiary hypothesis that there was no difference in comfort reported by individuals 66 undergoing DM and HR-ARM. This was a single center, cross-sectional, observational cohort study of AS pressures in three 70 different physical activities: at rest, during maximum squeeze, and during simulated defecation 71 measured with both the DM system and a commercially available HR-ARM system. This study 72 was approved by the institutional review board (HUM00046068) and all subjects signed a 73 written consent form prior to the experiment. 74 75 We recruited 16 participants including both healthy individuals (2 males, 2 females) and 76 patients with a diagnosis of CC (2 males, 2 females) or FI (1 male, 7 females). The median age 77 was 61 (range: 31 -85) years, and the mean BMI was 29.4 (SD: 5.9) kg/m 2 . The healthy 
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A Sandhill Scientific® HR-ARM system (Denver, CO, USA) was used with a 4 mm diameter 137 catheter (UNI-ANO-M0138) having five sets of 4 radially-and orthogonally-arranged pressure 138 sensors spaced 1 cm apart. A single sensor on the catheter was located away from the array 139 and exposed to the atmospheric pressure outside the rectum as a datum. The catheter had two 140 single sensors at the distal end, one of them being inside an inflatable balloon (Fig 3) . activities were recorded simultaneously. Subjects were asked to press an event marker button 160 at the beginning and end of each trial of each activity that they were asked to perform (Fig 4) . The first asterisk denotes the period before the sensors are inserted into the body. Baseline 165 activity was recorded with the patient resting ("Rest"). The patient was then asked to maximally 166 contract their AS muscles four times interspersed by rest periods. After another rest ("Rest"), markers. For each subject, the defecation episode was selected with the maximum pressure 189 decrease from the rest value just prior to the effort to the minimum pressure measured during 190 the maneuver. For the HR-ARM, since it had more sensors than DM, the mean pressure value 191 from each set of four radially-arranged sensors was first calculated for each 5-second interval. 192 Then, the maximum value was found along the catheter to represent the high pressure zone in 193 the AS. 194 We calculated the absolute and relative intraobserver errors [18, 19] for three consecutive 
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The data support the primary hypothesis in that the LoA showed acceptable DM 205 performance for measuring AS pressure at rest ( Fig 5A) and during simulated defecation ( Fig   206   5B ). For the rectal pressure measurement, we noted greater variance ( Fig 5C) . The largest 207 difference between the two methods was found in the measurement of AS pressure during a 208 maximum squeeze ( Fig 5D) . If two outliers from the results of the maximum squeeze episodes 209 were excluded (see Discussion), mean ± SD LoA decreased from -20 ± 172.6 to 7.2 ± 93.6 210 mmHg. The mean of the standard deviations of maximum pressures in all squeeze episodes 211 across all subjects for DM and HR-ARM were 14.9 mmHg and 9.5 mmHg, respectively (Table 1) . could not decrease AS pressure (see Fig 4B) .
241
Finally, the results from surveys (Table 2 ) showed that the difference between comfort 242 levels of both systems were not significant (Table 3) . Our primary hypothesis was supported in that the DM provided accurate pressure readings 265 compared to the gold standard HR-ARM system. It did so at a hardware cost that is an order of 266 magnitude less than HR-ARM (Table 4 ). More specifically, DM was equivalent to the gold 267 standard HR-ARM system in measuring the AS pressure during rest and simulated defecation 268 episodes.
269 . 280 We believe that there are three main reasons why there was a difference between recorded 281 AS pressures using DM and HR-ARM. The first is the hypersensitivity of HR-ARM in squeeze test 282 [24,25,27], which could be due to the relatively high bending stiffness of its probe. This would 283 cause the HR-ARM probe to measure high tissue contact stress (force per unit area) in the 284 vicinity of its tip as well as where the shaft is bent the most over the anorectal angle, rather 285 than just measuring fluid pressure within the AS or rectum [28] . On the other hand, although 286 the sensors in the DM probe are supported by index finger tissues, the finger can be purposely 287 relaxed to adopt the shape of the anorectal angle thereby reducing tissue contact stress. We 288 believe the reason that DM measured smaller pressure change than HR-ARM in three activities 289 ( Table 1 ) was because we detuned the pressure sensitivity of the sensor by thickening the 290 silicone layer over the sensor die in order to improve its sensitivity to lower pressures. 291 Whereas, the Bland-Altman analysis treats the HR-ARM as the gold standard measurement, we 292 conclude that our results corroborate the literature suggesting HR-ARM has its own 293 measurement biases caused by its having a catheter that is stiffer than the anorectum in 294 bending. 295 The test of the secondary hypothesis showed that the change in the relative myoelectric 296 activity of the PR muscle measured by the electrode at the distal end of the examining finger 297 was proportional to the pressure change in the AS pressure during maximum squeeze 298 maneuver ( Fig 6) . Unfortunately, the examining finger tended to often be partially expelled 299 during attempted defecation making the PR muscle myoelectric measurements unreliable. 300 The combined pressure and myoelectric activity data provided by DM enables the 301 identification of dyssynergic defecation caused by poor coordination of the abdominal wall and 302 anorectal muscles. A primer of DM and HR-ARM results indicative of dyssynergic defecation can 303 be found in Table 5 . The comfort surveys from the participants suggest that DM provides comparable levels of 308 comfort and usability even though the HR-ARM probe was a quarter of the diameter of the DM 309 covered index finger (Table 3 ). The lowest score received by DM on any of the five variables was 310 a 7 out of 10, whereas HR-ARM was a 4 out of 10. The slightly higher average score of DM on 311 the smoothness could be due to the silicone cover layer over the instrumentations of the glove.
312
A major limitation of this feasibility study was the small sample size in each group. Since this 313 was a feasibility study, we were interested in studying healthy subjects as controls and two 314 common patient types. The data showed that it is feasible to mount pressure sensors on the 315 index finger, obtain meaningful measurement of anorectal pressures, and observe paradoxical both systems were susceptible to movement artifact, but the advantage of the HD-ARM is that 
